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Literature indicates that mental toughness contributes to successful performance
when faced with challenge. This study used an exemplar sport of Australian Rules
football to investigate whether skilled performance thrived across increased challenge
in small-sided games. Higher (n = 14) and lower (n = 17) skilled Australian footballers
were recruited. First, coaches rated participants’ mental toughness (MTC) using the
Mental Toughness Index. Second, participants competed in small-sided games where
challenge was manipulated by varying the attacker to defender ratio to create lower
and higher pressure scenarios. Decision-making, motor skill execution, and a combined
total were measured. MTC rating was higher for higher skilled players. Total score of
higher skilled players was significantly superior to lower skilled players in higher and
lower pressure scenarios (p = 0.003). A “pressure differential score,” calculated to
determine whether participants maintained performance across increased challenge,
indicated a significant decrease in performance (total score) from lower to higher
pressure scenarios for lower skilled (p = 0.011), but not for higher skilled (p = 0.060)
players. Furthermore, MTC scores were predictive of high pressure scenario total scores
(p = 0.011). Findings suggest higher levels of mental toughness may contribute to
maintain performance across the increased challenge of pressure within small-sided
games. Practitioners can subjectively rate athlete mental toughness and then structure
small-sided games to objectively measure performance under pressure scenarios. This
provides an interdisciplinary approach to assess and train psychomotor skill.
Keywords: mental toughness, psychomotor skill, pressure scenarios, perceptual-cognitive-motor skill, sports
specific assessment
INTRODUCTION
In the Australian Football League (AFL) grand final of 2010, both St Kilda and Collingwood had
scored 68 points when the siren sounded for full time; a draw. The rules of the competition
stated that the final had to be replayed the following week. In the week preceding the rematch,
Collingwood coach, Michael Malthouse, penned a newspaper article titled “Mental toughness will
decide premiership” (Malthouse, 2010). Collingwood went on to win the grand final replay by 56
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points. They were able to perform to a higher level than their
opposition, despite the challenge of having already played in a
grand final seven days earlier in front of 90,000 spectators, and
the adversity of having fatigued and injured players. According
to their coach, the success of Collingwood in the replay of 2010
grand final would suggest that mental toughness (MT) played
a major role. MT is a concept that indeed warrants further
investigation in sports-specific in situ settings.
Mental toughness has gained significant interest from the
general public, practitioners, and researchers in recent years
because it is considered a key factor of superior performance in
a variety of domains including sport (Giles et al., 2018). Based
upon scientific evidence of MT in a variety of domains such
as business, military, education, and sport, the focus has been
upon defining the phenomenon and formulation of a theoretical
framework from which hypotheses could be tested (Gucciardi
et al., 2015). Accordingly, MT has been defined as a personal
capacity to produce consistently higher levels of subjective or
objective performance, despite everyday challenges, stressors
and significant adversities (Gucciardi et al., 2015). Research
into MT has also developed and validated several introspective
questionnaires in order to measure MT in several domains, and in
turn, test and further refine its theoretical framework (Newland
et al., 2013). Some of these questionnaires include the Mental
Toughness Questionnaire-48 (MTQ48) (Clough et al., 2002), the
Sport mental toughness questionnaire (SMTQ) (Sheard et al.,
2009), and the Mental toughness index (MTI) (Gucciardi et al.,
2015). Therefore, the vast majority of what is known about MT
measurement is based upon introspective survey methodology.
Surveys can provide scientists with valuable information about
psychological and emotional states of participants, but there has
been a call for incorporation of other methodologies that can
provide insight to the link between psychomotor skill capability
and MT in athletes (Gucciardi et al., 2008, 2013; Gucciardi
and Gordon, 2013; Mahoney J. et al., 2014). The broader field
of sport psychology has relied predominantly on introspective
surveys and interviews, often undertaken sometime after the
competition event. This relies on the athlete having to reflect on
their own performance, which can be quite subjective. There is
scope, however, to utilize an alternative methodology to better
understand the link between psychomotor skill performance and
MT in sport. For example, Mahoney J. et al. (2014) recommended
that a key starting point for future investigation of MT, is
objective measurement of performance under manipulation of
lower and higher pressure in situ contexts in sport. This would
enable a quantitative assessment of a component prediction of
MT theory through varying degrees of pressure that creates
increased challenge to performance. This form of assessment
places a participant in a game-like pressure context and would
help coaches to identify those players who thrive or succumb to
the pressure (Mahoney J. et al., 2014). Accordingly, it has been
suggested that a characteristic of mentally tough athletes is for
their performance to thrive (i.e., performance maintained to a
greater degree) when under increased task pressure or challenge
(Jones et al., 2007; Gucciardi et al., 2008).
The importance of MT to superior performance in sport
is well recognized among coaches, athletes and sport scientists
(Connaughton and Hanton, 2009). Several studies in sport have
reported that athletes with higher self-reported scores on MT
questionnaires tend to perform better in competition (Drees
and Mack, 2012; Newland et al., 2013; Mahoney J.W. et al.,
2014; Cowden, 2016). For example, Cowden (2016) reported
that amongst professional tennis players, achievement of higher
MT scores were correlated with a greater likelihood of winning
a national tournament. Drees and Mack (2012) also reported
that higher MT scores of high school wrestlers was positively
correlated with the season winning percentage. Moreover,
Mahoney J.W. et al. (2014) reported a negative relationship
such that higher MT scores of adolescent cross-country runners
correlated with faster race times. In collegiate basketball players,
Newland et al. (2013) reported that MT score partially predicted
basketball performance (measured using a metric that combined
shot percentage, points, rebounds, assists, steals, turnovers and
personal fouls). To our knowledge, there has been no integration
of MT survey methodology with systematic manipulation of
sports-specific pressure and assessment of perceptual-cognitive-
motor skill to further understanding of MT.
Small-sided games (SSG) have been used with several invasion
sports such as soccer, field-hockey and Australian rules football
(ARF) to assess the perceptual-cognitive-motor skill of athletes
(e.g., see Práxedes et al., 2018). Assessment of the correct decision,
such as to pass the ball to a teammate or retain possession of
the ball, provides a measure of perceptual-cognitive or decision-
making skill (Starkes et al., 2004). Alternatively, assessment
of the capability to successfully pass the ball to a teammate
provides a measure of motor skill execution (Starkes et al.,
2004). Recently, Piggott et al. (2019) designed a sports-specific
ARF test based upon SSG (six attackers vs. five defenders) in
order to assess the perceptual-cognitive-motor skills of Australian
footballers. The authors reported that higher skilled players
were significantly superior on the total score (decision-making
plus execution) compared to lesser skilled Australian footballers.
By manipulation of the ratio of defenders to attackers it is
possible to increase or decrease pressure in SSG (see Davids
et al., 2013), which can then form scenarios to investigate how
athletes deal with challenge (as predicted in MT theory) that may
affect performance.
This study incorporated existing MT survey methodology
with an in situ sports-specific test. ARF was used as the exemplar
sport skill to further understand the link between MT and
psychomotor skill in sport. A sports-specific in situ test for
ARF was designed based upon SSG that measured participants’
decision-making and motor skill execution under higher and
lower pressure scenarios. The purpose of this study was to
investigate whether: (i) differences existed between higher and
lower skilled ARF players during pressure scenarios of a SSG
test, which provided a proxy to test a component of MT theory
that performance in terms of perceptual-cognitive-motor skill
would thrive (be maintained) under increased pressure, and
(ii) whether MTC scores predicted performance scores in the
high pressure scenario. Based upon MT theory and the above
literature, it was hypothesized that: (a) higher skilled players
will perform signficantly better than lower skilled players in
both pressure scenarios, (b) higher skilled, rather than lesser
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skilled players, would better maintain performance across lower
to higher pressure scenarios, and (c) MTC questionnaire scores
can predicthigh pressure scores inn SSG.
MATERIALS AND METHODS
Participants
A total of 31 male participants were recruited for this study.
A higher skilled group (n = 14) comprised of one semi-
professional West Australian Football League (WAFL) club who
participated in the state league. The lower skilled group (n = 17)
was recruited from two West Australian Amateur Football
League (WAAFL) clubs. For a participant to be included in the
higher skilled group they had to have played a minimum of one
senior WAFL game within the previous two years. The age of the
WAFL group was (Mage = 23.0 years, age range: 20–29 years)
and the WAAFL group was (Mage = 23.9 years, age range: 19–
30 years). Based upon Piggott et al. (2019), a power analysis was
conducted using α = 0.05, power (1−β) = 0.8, effect size = 0.15,
and two skill groups, which indicated that appropriately 351 trials
in total were required. Ethical approval was received from the




All testing was completed at the end of the pre-season training
period and before competition games began for the 2017
season. The first component of this study involved coach rating
of each participant using the MTI, an eight item scale that
when developed displayed strong factor loadings and composite
reliabilities were reported to be excellent (ρ=0.86 to 0.89)
(Gucciardi et al., 2015). Example items from the scale include
I am able to regulate my focus when performing tasks and I am
able to execute appropriate skills or knowledge when challenged.
The MTI has been used in previous research with athletes and
has been reported to correlate with competition performance
(e.g., Gucciardi et al., 2015). The measuring of coach rated MT
(MTC) has also been used in previous research (Bell et al.,
2013; Cowden et al., 2014) and is a way of overcoming self-
attribution bias that can occur when using self-report. To
establish face validity for coach rated MT using the MTI, a
panel of expert AFL coaches was consulted and all agreed that
the questionnaire was an appropriate measure of assessment.
A senior member of each of the teams’ coaching staff involved
in the study completed the MTC rating for each participant
that they coached.
Small-Sided Games
The second component of this study involved both skill groups
and relates to item 7 on the MTI: I am able to execute
appropriate skills or knowledge when challenged. This refers
in part to MT theory mentioned earlier and was deemed
the easiest to manipulate in terms of pressure contexts in a
sports-specific in situ test. For this study, the previous data set
from Piggott et al.’s (2019) was built upon to include another
series of SSG involving six attackers versus three defenders.
The two series of SSG were termed “higher pressure” (six vs.
five) and “lower pressure” (six vs. three), respectively. Both
scenarios involved attackers attempting to maintain possession
of the ball in a 40 m × 40 m grid using a handpass
or kick, whilst defenders tried to spoil or tackle. After a
15 min warm-up, each skill group completed three sets each
in attack and defense. The test was umpired by a research
assistant with ARF knowledge. Each skill group completed
the higher pressure scenario in one session and the lower
pressure scenario in another session at least one week apart
due to logistics. Each time an attacking player passed the ball
by a kick or handball it was recorded as a trial. Decision-
making and motor skill execution scores for each disposal
(trial), as well as both combined (total score) were coded as
objective performance measures. Each session was recorded
using a standard 25 Hz video camera (Panasonic SDR-H250,
Australia) for later coding (see Piggott et al., 2019, for details
of this method).
The scoring system used in both higher and lower pressure
scenarios is outlined in Table 1. In relation to item 7 of
the MTI, we reasoned that decision-making score reflects
“knowledge,” the execution score reflects “skills,” and “challenge”
reflects the increase in defenders from three to five in the
in situ scenarios. The reliability of scoring the scenarios was
assessed by inter- and intra-rater reliability. A novice coach
scored all trials by viewing the video record of the SSG.
Intra-rater reliability was assessed by the same novice coach
(two weeks apart) and inter-rater reliability was assessed by an
expert ARF coach (Level 3) on 136 (14%) randomly selected
trials, across both high and low pressure scenarios, using
the video record.
Data Analysis
Statistical analysis was performed using IBM SPSS version 24
(IBM SPSS Statistics for Windows. IBM Corp., Armonk, NY,
United States). Data was checked for normality using the Shapiro
Wilk’s test so that the appropriate statistical tests could be
employed. Alpha level was set at 0.05.
TABLE 1 | Composite score for test trials.
Measure Rating
Decision-making 0 = Incorrect decision
2 = Next correct decision
3 = Most correct decision
Execution 0 = Ball does not reach target player at all
1 = Ball reaches target player but not on full
2 = Ball reaches target player on full;
however, the target player had to change
direction to ensure this occurs
3 = Ball reaches target player on full
Total Decision Making + Execution Scores
Adapted from Piggott et al. (2019). “Small-sided games can discriminate
perceptual-cognitive-motor capability and predict disposal efficiency in match
performance of skilled Australian footballers.” Journal of Sports Sciences, p. 3.
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During the SSG, each time an attacking player passed the
ball by a kick or handball it was recorded as a trial, with a
total of 980 trials recorded; 423 in the higher pressure scenario
and 557 in the lower pressure scenario. The participants’ total
score for the SSG was the dependent variable, which equalled the
sum of the decision and execution scores for each trial with the
maximum score achievable being six. Total score had previously
been reported to discriminate superior performance of higher
and lower skilled Australian footballers (see Piggott et al., 2019).
Inter- and intra-rater reliability of the scoring of the SSG
test was assessed using a two-way mixed intra-class correlation
coefficients (ICC) according to Portney and Watkins (2009). The
cut-off interpretations used for the ICC values were; less than
0.5, between 0.5 and 0.75, between 0.75 and 0.9, and greater
than 0.90 indicative of poor, moderate, good, and excellent
reliability, respectively.
Hypothesis one predicted that higher skilled players will
perform significantly better than lower skilled players in
both pressure scenarios. To address this hypothesis, repeated
measures of trials were examined for between skill group
differences for total score on the SSG test, in both higher and
lower pressure scenarios, using generalised estimating equations
(GEE). GEEs use the generalized linear model to estimate
more efficient and unbiased regression parameters relative to
ordinary least squares regression that accounts for the form of
within-subject correlation of responses on dependent variables
of many different distributions (Ballinger, 2004). A 2 (skill
group) × 2 (pressure scenario) mixed between-within factorial
GEE model was used to examine main and interaction effects.
Total score was the dependent scale variable in the GEE
model. For post hoc comparisons, a Bonferroni adjustment
was applied. Cohen’s d effect sizes were also calculated,
with 0.2 considered small, 0.5 medium and 0.8 large effects
(Cohen, 1998).
Hypothesis two predicted that higher skilled, rather than
lesser skilled players, would better maintain performance across
lower to higher pressure scenarios. To address this hypothesis,
a mean of the trials’ total score for each participant was
calculated for each higher and lower pressure scenarios on the
SSG test for both skill groups. A “pressure differential score”
was then calculated by subtracting higher pressure scenario
mean total score from lower pressure scenario mean total
score. For example, if a participant had a lower pressure mean
total score of 5.4 and higher pressure mean total score of
4.6, their pressure differential score would be; 5.4 – 4.6 = 0.8.
A pressure differential score closer to zero indicated better
sustained performance across lower to higher pressure scenarios;
which meant participants were able to maintain perceptual-
cognitive-motor skills when challenged. A one-sample t-test
was used to compare the mean pressure differential scores to
a no-performance-change score of zero for higher and lower
skilled players.
Hypothesis three predicted a relationship between MTC
questionnaire scores and SSG high pressure scores. To
address this hypothesis, a GEE regression model was used
to investigate the relationship between MTC and high pressure
scenario total score.
RESULTS
Reliability of SSG Test Scoring
Inter-rater reliability for decision (r = 0.91, range = 0.88 to 0.94)
and execution (r = 0.98, range = 0.98 to 0.99) indicated excellent
levels of agreement. Intra-rater reliability for decision (r = 0.86,
range = 0.80 to 0.90) and execution (r = 0.96, range = 0.95 to 0.97)
also indicated good and excellent levels of reliability, respectively.
Skill Group Differences for SSG
The estimated marginal means derived from the GEE model
are presented in Figure 1. The model indicated significantly
superior overall performance by higher skilled players over lower
skilled players (β = 0.22, SE = 0.07, p = 0.003). In addition,
performance under the low pressure scenario was significantly
higher than under the high pressure scenario (β = −0.47,
SE = 0.15, p = 0.002). The interaction between skill level and
pressure was not significant (β = 0.20, SE = 0.18, p = 0.282).
However, pairwise comparisons revealed a significantly higher
total score by higher skilled players (M = 5.32, SE = 0.08), over
lower skilled players (M = 4.90, SE = 0.14), under the higher
pressure scenario (p = 0.049, d = 0.31). Pairwise comparisons
also revealed a significantly higher total score by higher skilled
players (M = 5.59, SE = 0.05), over lower skilled players (M = 5.37,
SE = 0.06), under the lower pressure scenario (p = 0.017, d = 0.22).
When the total score of higher skilled players was compared
across lower (M = 5.59, SE = 0.05) to higher (M = 5.32, SE = 0.08)
pressure scenarios, a significant difference was found (p = 0.034,
d = 0.12). A significant difference was also found for lower skilled
players across lower (M = 5.37, SE = 0.06) to higher (M = 4.90,
SE = 0.14) pressure scenarios (p = 0.014, d = 0.35).
In relation to performance across scenarios, the pressure
differential score indicated that for lower skilled players there
was a significant difference compared to a no-performance-
change score of zero, t(16) = −2.89, p = 0.011. This indicates
performance decrement for lower skilled players. Conversely, no
significant difference was found for pressure differential score for
higher skilled players, t(13) = −2.06, p = 0.060. This indicates
maintenance of performance for highly skilled players. There was
a medium effect size (d = 0.46) for the pressure differential scores
between higher (M = 0.22, SD = 0.40) and lower (M = 0.48,
SD = 0.68) skilled players.
MTC Scores and Relationship to SSG
The MTC scores for higher and lower skilled groups were
(M = 43.71, SD = 4.41) and (M = 42.50, SD = 5.37), respectively.
There was no significant difference between the two groups for
MTC; t(26) = 0.519; d = 0.24).
When examining the relationship between subjective and
objective measures, MTC scores were able to predict high
pressure scenario total scores (β = 0.04, SE = 0.01, p = 0.011).
DISCUSSION
The purpose of this study was to integrate methodologies in order
to test a component of MT theory that predicts whether an athlete
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FIGURE 1 | Estimated marginal means for total score in small-sided games test based on GEE model. Pairwise comparisons are depicted ∗p < 0.05.
Error bars represent standard error.
will thrive under pressure situations and maintain performance.
This was done in interlinked components; first, a validated
questionnaire was used for coaches MT rating of participants.
Second, perceptual-cognitive-motor skill differences between
higher and lower skilled ARF players were compared across
two pressure conditions of a SSG test. Third, the relationships
between quantitative and qualitative measures was explored.
Fourth, the reliability of scoring the SSG test was checked
through inter- and intra-rater reliability. Skill group differences
were found in each pressure scenario, with higher skilled
players better able to maintain performance across the pressure
scenarios. Furthermore, MTC was predictive of performance
under high pressure. Therefore, this study made initial steps to
address the call for MT research methodology to be extended
and incorporate experimental designs that involve systematic
manipulation of pressure contexts within an in situ setting
(Mahoney J. et al., 2014).
Both higher and lower pressure scenarios were able to
discriminate skill levels, with higher skilled players performing
at a superior level than lower skilled players. Previously,
MT research in sport has used only survey methodology to
attempt to discriminate between skill levels or categories; such
as starters and non-starters in basketball (Newland et al.,
2013) and team ranking in tennis (Cowden et al., 2014).
This study showed that perceptual-cognitive-motor total score
in the lower pressure (six vs. three) scenario was also able
to discriminate between higher and lower skilled players.
This builds upon Piggott et al.’s (2019) study providing
further evidence of the capability of SSG’s to discriminate
between closely related skill levels of ARF. The design
of tasks that involve differing levels of pressure that are
highly representative of the competition environment and can
discriminate between skill levels provides an important method
to test MT theory. Therefore, supporting evidence was provided
for hypothesis one.
A unique aspect of this study, was the calculation of the
pressure differential score to test a component prediction of MT
theory. The theory predicts that mentally tough athletes are able
to thrive under pressure (Jones et al., 2007; Gucciardi et al.,
2008). The pressure differential score enabled direct investigation
of how participants met this challenge by quantification of the
degree to which they maintained performance across increased
pressure scenarios. Our study showed that higher skilled
players could maintain their perceptual-cognitive-motor skill
performance across increased pressure scenarios as evidenced
by a lower pressure differential score. In contrast, lower skilled
players were less able to maintain their perceptual-cognitive-
motor skill performance across increased pressure scenarios as
evidenced by an increase pressure differential score. Therefore,
supporting evidence was provided for hypothesis two. This
addressed the call in the literature for an objective measure of
MT under manipulation of lower and higher pressure contexts
(Mahoney J. et al., 2014).
The findings of this study have also furthered understanding
of a subjective measure of MT and its relationship to an objective
measure of perceptual-cognitive-motor skill performance. This
is important because Gucciardi and Gordon (2013) stated that
there was a lack of evidence supporting the link between MT and
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an objective measure of performance. The significant predictive
relationship between coaches’ MT rating of athletes and in situ
performance in the higher pressure scenario provides support for
the theory that higher levels of MT correspond with higher levels
of performance. This evidence supports hypothesis three and is
consistent with previous studies that have shown a relationship
between self-reported MT and competition performance (Drees
and Mack, 2012; Newland et al., 2013; Mahoney J.W. et al.,
2014; Cowden, 2016). This indicates that either coach or self-
report of MT is relevant to motor skill performance, but our
study is unique as we have been able to demonstrate through
manipulation of the pressure component in which the task is
performed, we showed that MTC has predictive capabilities in
relation to in situ perceptual-cognitive-motor skill.
PRACTICAL IMPLICATIONS AND
LIMITATIONS
The integration of methods to test theory and evidence presented
in this study provides opportunities for practical application in
terms of assessment and development of athletes. Accordingly, a
multi-method approach to MT could be used (Gucciardi et al.,
2013). For example, an ARF coach, in consultation with a sport
psychologist, could complete the MTI for an athlete as part of
their development. The coach could then discuss their responses
with the athlete and how they derived each score per item.
On item 7 of the MTI (I am able execute appropriate skills or
knowledge when challenged), the coach may score the athlete
three out of seven and could explain that the athlete needs
to improve their decision-making and/or skill execution when
under pressure situations in competition. The coach would then
work with a sport psychologist to design a six week training
plan that develops MT. In addition, the coach assisted by a skill
acquisition specialist can design a perceptual-cognitive-motor
skill training program for a variety of game-specific pressure
contexts. Prior to the commencement of the six week training
program, the athlete would complete the SSG games test and may
record a high pressure score of 4.0 and low pressure score 5.4
(pressure differential = 1.4). The athlete and the coach could set a
goal for the athlete to achieve a pressure differential of<1.0 when
retested at the completion of the training program.
A potential limitation of the study is that when using SSG
and in situ methodology, the number of trials per participant can
vary. However, Müller et al. (2015) argue that this variation is
representative of the game situation. Previously, we have shown
using SSG player involvements (trials) is comparable to player
involvement (statistics) in competition (Piggott et al., 2019).
CONCLUSION AND FUTURE RESEARCH
Researchers in the domain of mental toughness have called for
an extension of methodology beyond traditional surveys often
used in sports psychology research. This study used an in situ
methodology within ARF to create two scenarios; lower pressure
and higher pressure SSG scenarios. These two scenarios were
able to discriminate between higher and lower skilled players.
Also, the pressure differential score showed that the higher
skilled players, but not the lower skilled players, could sustain
their performance across lower to higher pressure scenarios.
This is in line with a component prediction of MT theory.
MTC scores were predictive of total scores in the high pressure
scenario, indicating a causal relationship between objective
and subjective measures of MT. Therefore, through careful
manipulation of a SSG task, a prediction of MT theory was
tested, which provides support for further application of SSG in
field-based sport settings.
Further research is necessary to replicate these findings with
other sports, as well as further probe the causal relationship
between mental toughness and perceptual-cognitive-motor skill.
In relation to the first point, future research could determine
the variance that mental toughness scores account for in the
SSG task performance. This will help determine how much
mental toughness contributes to performance in SSG. In relation
to the second point, a psychological skills training program
aimed at improving mental toughness could be compared
to a perceptual-cognitive-motor skill training program, with
their relative benefits assessed using small-sided game pressure
scenarios. A psychological skill intervention has been reported
to improve mental toughness and performance in cricket
batting (see Bell et al., 2013), but has not specifically been
compared to perceptual-cognitive-motor skill training and
performance in small-sided game scenarios. Collectively, fruitful
opportunities exist to further understand how mental toughness
and perceptual-cognitive-motor skills contribute to performance
of sports skills.
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